DESCRIPTION 



Solid-state Imaging Device and Method for Manufacturing the Same 



Technical Field 

5 [0001] The present invention relates to a solid-state imaging device and a method 

for manufacturing it, and particularly relates to a solid-state imaging device in which an 
imaging region having a plurality of pixels are provide in a semiconductor substrate and a 
method for manufacturing it. 
Background Art 

10 [0002] MOS solid-state imaging devices are image sensors for reading a signal 

supplied to each pixel by ampUfying the signal by an amplification circuit including a 
MOS transistor. In the solid-state imaging devices, a sensor manufactured by the MOS 
process, namely, a generally-called CMOS image sensor operates at low voltages, 
consumes less power, and is integrated in one chip with a peripheral circuit. In this 

1 5 connection, recently, the CMOS image censors become a focus of attention as image input 
elements for portable equipment such as compact cameras for personal computers. 
[0003] FIG. 10 is a circuit diagram showing one example of a construction of a 

solid-state imaging device. This solid-state imaging device includes, on a substrate, a 
imaging region 107 in which a plurality of pixels 106 are arranged in matrix, a vertical sift 

20 register 108 and a horizontal shift register 109 each for selecting a pixel, and a timing 
generator 110 for supplying a necessary pulse to the vertical shift register 108 and the 
horizontal shift register 109. 

[0004] In each of the pixels 106 arranged in the imaging region 107, there are 

provided: a photoelectric conversion section 101 made of photodiode; a transfer transistor 
25 102 of which source is connected to the photoelectric conversion section 101, of which 
drain is connected to the gate of an amplification transistor 104, and of which gate is 
connected to an output pulse wire 111 from the vertical shift register 108; a reset transistor 



103 of which source is connected to the drain of the transfer transistor 102, of which gate is 
connected to an output pulse wire 112 from the vertical shift register 108, and of which 
drain is connected to a power source 113; the amplification transistor 104 of which drain is 
connected to the power source 113 and of which gate is connected to the drain of the 
5 transfer transistor 102 and the source of the reset transistor 103; and a selection transistor 
105 of which drain is connected to the source of the amplification transistor 104, of which 
gate is connected to an output pulse wire 114 from the vertical shift register 108 and of 
which source is connected to a signal wire 115. 

[0005] In the imaging region 107, in the case where LOCOS or STI (Shallow 

1 0 Trench Isolation) is formed in the element isolation region, defects are liable to be caused 
due to film stress of a nitride film and the like and long-time high-temperature thermal 
treatment. The defects serve as a factor of a dark current and a white flaw. Further, 
with the LOCOS, the bird's beak becomes long, inviting difficulty in miniaturization of the 
imaging region 107. In contrast, with the STI, stress due to existence of a buried oxide 
1 5 film is caused. 

[0006] For solving the above problems, a conventional technique disclosed in 

Patent Document 1 has been proposed. This conventional technique will be explained 
with reference to FIG. 11(a) to FIG. 11(f). FIG. 11(a) to FIG. 11(f) are sections showing 
steps for forming an element isolation region in a conventional imaging device. 

20 [0007] First, in the step shown in FIG. 11(a), a gate insulating film 52 having a 

thickness of 0.1 \im is formed by subjecting the upper portion of a semiconductor substrate 
51 to thermal oxidation. Next, an element isolation region 53, a photoelectric conversion 
section 54, and a drain region 55 are formed in the upper part of the semiconductor 
substrate 51 by ion implantation over the gate insulating film 52, Herein, a p-type 

25 impurity is ion implanted in the element isolation region 53 if a n-type impurity is ion 
implanted in the photoelectric conversion section 54 and a drain region 55. 
[0008] Subsequently, in the step shown in FIG. 11(b), a CVD oxide film 56 



having a thickness of about 0.3 |Lim is deposited on the gate insulating film 52. 
[0009] Thereafter, in the step shown in FIG. 11(c), a resist (not shown) including 

an opening portion in a region corresponding to a region where a gate electrode is to be 
formed is formed on the CVC oxide film 56. Etching is performed using the resist as a 
5 mask by RIE (Reactive Ion Etching) to form a trench 57 passing through the CVD oxide 
film 56. 

[0010] Next, in the step shown in FIG. 11(d), a polysilicon film 58 is formed for 

burying the trench 57 (shown in FIG. 11(c)). 

[0011] Subsequently, in the step shown in FIG. 11(e), a resist (not shown) 

1 0 including a trench of which inner diameter is larger than that of the trench 57 is formed on 

the polysilicon film 58. Then, the polysilicon film 58 (shown in FIG. 11(d)) is subjected 

to RIE using the resist as a mask to form a wiring pattern 58a including a gate electrode. 

[0012] Thereafter, in the step shown in FIG. 11(f), an interlayer insulating film 59 

of Si02 or the like is deposited on the gate insulating film 52 and the wiring pattern 58a. 
1 5 Then, RIE is performed to form a trench passing through the interlayer insulating film 59 

and reaching the drain region 55 and the trench is buried with an electric conductor, 

thereby forming a signal wire 60. 

Patent Document 1: Japanese Patent Application Laid Open Publication No. 1 0-3738 18A 
Patent Document 2: Japanese Patent Application Laid Open Publication No. 
20 2000-196057A 

Disclosure of the Invention 
Means of Solving the Problems 

[0013] However, the above-described conventional method of manufacturing a 

solid-state imaging device involves the following disadvantages. 
25 [0014] In order to form an implanted layer of the element isolation region 53 by 

ion implantation as described above, it is necessary to set the width of an implanted layer 
of the channel stop to be larger for sufficiently ensuring isolation power as the element 
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isolation region. However, larger width of the element isolation region 53 runs counter to 
a demand for miniaturization of the solid-state imaging device. 

[0015] On the contrary, if the width of the implanted layer of the channel stop is 

set small while the dose amount of ion impurity is increased for ensuring the isolation 
5 power, a leak current increases at the PN junction between tiie photoelectric conversion 
section 54 and the element isolation region 53. This invites increase in dark current and 
white flaws. 

[0016] The present invention has its object of providing a solid-state imaging 

device capable of being miniaturized, lowering a cark current, and reducing the number of 
10 white flaws while ensuring isolation power of an element isolation region, and a method 
for manufacturing it. 
Means of Solving the Problems 

[0017] The first method of the present invention is a metiiod for manufacturing a 

solid-state imaging device m which an imaging region in which a plurality of unit pixels 
1 5 are arranged is provided on a semiconductor substrate, each of the unit pixel including a 
plurality of element formation regions and an element isolation formation region located 
between the plurality of element formation regions, wherein the method includes: a step (a) 
of forming, on the semiconductor substrate, a protection film including an opening portion 
tiiat exposes tiie element isolation formation region and a region located beside the element 
20 isolation formation region of tiie semiconductor substrate; a step (b) of forming a sidewall 
on a side face of the opening in the protection film; a step (c) of formmg a trench in the 
element isolation formation region in tiie semiconductor substi-ate by etching using tiie 
protection film and tiie sidewall as a mask; and a step (d) of forming an element isolation 
region by burying the trench with a burying film. 
25 [00 1 8] In the above method, the trench is formed by etching using tiie sidewall as 

a mask in the step (c), so that the widtii of the tiench can be made smaller by the tiiickness 
of the sidewall tiian tiie widtii of tiie opening in tiie protection film. Consequentiy, even 
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in the case where the opening of the protection film is formed to have a minimum opening 
width that can be formed by the currently available patteming method, a trench further 
narrower than the minimum opening v^dth can be formed. 

[0019] The element isolation power of the burying film for burying the trench is 

5 high even in the narrowed trench, thereby ensuring the element isolation power. The 
narrow trench width leads to extension of the distance between the element formation 
regions and the element isolation by the narrowed width. Accordingly, even if thermal 
stress is generated in the vicinity of the trench after the trench is bxiried with the burying 
film, the leak current flowing towards the element formation regions can be reduced. 
1 0 Hence, the dark current and white flaws are obviated. 

[0020] The element formation regions of the semiconductor substrate may include 

a n-type impurity and the method may further include the step of unplanting a p-type ion 
into a surface portion of the trench in the semiconductor substrate after the step (c) and 
before the step (d). In this case, the dark current is prevented from flowing towards the 
15 active region through the interface state generated by the formation of the trench. In 
detail, by doping the p-type impurity in the vicinity of the surface of the trench in the 
semiconductor substrate, an energetic barrier is formed between the vicinity of the surface 
of the trench and the active region of the element, thereby restricting the movement of the 
carrier. 

20 [0021] The method may further include the step of oxidizing a surface portion of 

the trench in the semiconductor substrate after the step (c) and before the step (d). 
[0022] In the step (a), a first insulating film and a second insulating film provided 

on the first insulating film and having a property of oxidization resistance may be formed 
as the protection film. 

25 [0023] In the step (d), the burying film can be deposited by CVD. 

[0024] In the step (d), a level of the element isolation may be allowed to be higher 

than an upper face of the semiconductor substrate by removing the protection film deeper 
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than the burying film after the burying film is formed so as to bury the opening of the 
protection film. In this case, though a wiring such as a gate wiring is formed on the 
burying layer, short circuit between wirings to be isolated therebetween can be prevented. 
The reason thereof will be described below. The wirings are formed in such a manner 

5 that the semiconductor substrate and the burying film are covered with the conducting film 
and the conducting film is patterned. If the burying film is formed to a level lower than 
the upper face of the semiconductor substrate, it is difficult to remove a part of the 
conducting film which is located on the burying film. If this is the case, the wirings to be 
isolated fi-om each other are liable to be in contact with each other through the conducting 

1 0 film that could not be removed. While, the higher burying film obviates this liability. 

[0025] A peripheral circuit region including a drive circuit for operating the 

imaging region may be provided beside the imaging region in the semiconductor substrate 
and an element isolation of the peripheral circuit region may be formed by the same step as 
the step of forming the element isolation of the imaging region. In this case, the steps can 

15 be simplified. 

[0026] In the peripheral circuit, only a NMOS transistor, only a PMOS transistor, 

or a CMOS transistor can be formed. 

[0027] The second method of the present invention is a method for manufacturing 

a solid-state imaging device in which an imaging region in which a plurality of unit pixels 

20 are arranged is provided on a semiconductor substrate, each of the unit pixel including a 
plurality of element formation regions and an element isolation formation region located 
between the plurality of element formation regions, wherein the method includes: a step (a) 
of forming, on the semiconductor substrate, a protection film including an opening portion 
that exposes at least a part of the element isolation formation region of the semiconductor 

25 substrate; a step (b) removing and patteming the part of the element isolation formation 
region of the semiconductor substrate by etching using the protection film as a mask after 
the step (a); a step (c) of forming an oxide film for element isolation by oxidizing a surface 



portion of the patterned element isolation formation region of the semiconductor substrate 
after the step (b); and a step (d) of removing at least a part of the protection film after the 
step (c). 

[0028] In this way, the oxidation after the formation of the concave prevents a 

5 bird's beak from being formed, contemplating miniaturization of the device. Further, the 
oxide film for element isolation is formed by oxidizing the surface portion of the concave, 
and therefore, the oxide film is formed in a region apart from the element formation 
regions. This reduces stress in the region near the element formation regions and hardly 
generates film stress of the nitride film and the like and defects caused due to thermal 
10 treatment, attaining a solid-state unaging device having sufficient element isolation power 
with less dark current and less white flaws which are generated due to defects, 
[0029] In the step (a), a pad insulating film and an anti-oxidizing film located 

above the pad insxilating film nay be formed as the protection film. 

[0030] In the step (a), an oxidizing film may be interposed between the padding 

15 insulating film and the anti-oxidizing film. In this case, thickness adjustment of the 
oxidizing film leads to efficient rounding of the comer of the semiconductor substrate. 
[003 1] By removing by etching a part of the oxide film for element isolation after 

the step (c), miniaturized pattern can be formed. 

[0032] Inn the step (c), a bird's beak would be formed in a surface portion of the 

20 semiconductor substrate. In this case, removal of a part of the bird's beak after the step 
(c) shortens the bird's beak, and in turn, the active region becomes large in area. 
[0033] A n-type impurity may be included in the element formation regions of the 

semiconductor substrate and the method may further include the step of implanting a 
p-type ion into a surface portion of the pattemed element isolation formation region of the 
25 semiconductor substrate after the step (b) and before the step (c). hi this case, the dark 
current is prevented from flowing towards an active region through the interface state 
generated by the formation of the concave. In detail, by doping the p-type impurity in the 
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vicinity of the surface of the concave in the semiconductor substrate, an energetic barrier is 
formed between the vicinity of the surface of the concave and the active region of the 
element, thereby restricting the movement of the carrier. 

[0034] In the step (a), if a width of the opening portion is set narrower than a 

5 width of the element isolation formation region, the oxide fihn does not become larger than 
a volume necessary for obtaining required element isolation power though the oxide film 
for element isolation expands in the horizontal direction and the perpendicular direction. 
[0035] In the step (d), it is preferable to set a level of the element isolation 

formation region to be higher than an upper face of the semiconductor substrate by 
10 removing the protection film to a level deeper than an upper face of the oxide film for 
element isolation. In this case, though a wiring such as a gate wiring is formed on the 
element isolation oxide fihn, short circuit between wirings to be isolated therebetween can 
be prevented. The reason thereof will be described below. The wirings are formed in 
such a manner that the semiconductor substrate and the oxide fihn for element isolation are 
1 5 covered with the conducting film and the conducting film is patterned. If the oxide fihn 
for element isolation is formed to a level lower than the upper face of the semiconductor 
substrate, it is difficult to remove a part of the conducting fihn which is located on the 
oxide fihn for element isolation. If this is the case, the wirings to be isolated fi-om each 
other are liable to be in contact with each other through the conducting film that could not 
20 be removed. While, the higher oxide film for element isolation obviates this liability. 

[0036] A peripheral circuit region including a drive circuit for operating the 

imaging region may be provided beside the imaging region in the semiconductor substrate, 
and an element isolation region of the peripheral circuit region may be formed by the same 
step as a step of forming an element isolation region of the imaging region. In this case, 
25 the steps can be simplified. 

[0037] In the peripheral circuit region, only a NMOS transistor, only a PMIS 

transistor, or a CMOS transistor can be formed. In this case, the number of implanting 



steps can be reduced, thus simplifying the steps. 

[0038] The third method of the present invention is a method for manufacturing a 

solid-state imaging device in which an imaging region in which a plurality of unit pixels 
are arranged is provided on a semiconductor substrate, each of the unit pixel including a 

5 plurality of element formation regions and an element isolation formation region located 
between the plurality of element formation regions, wherein the method includes: a step (a) 
of forming, on the semiconductor substrate, a protection film including an opening portion 
that exposes the element isolation formation region of the semiconductor substrate; a step 
(b) of forming a trench by removing a part of the element isolation formation region of the 

10 semiconductor substrate by etching using the protection film as a mask; a step (c) of 
removing the protection fihn after the step (b); and a step (d) of performing thermal 
treatment in an atmosphere mcluding hydrogen at a temperature in a range between 1000°C 
and 1300°C, both inclusive, after the step (b). 

[0039] In the above method, the upper part of the trench is covered with the 

1 5 semiconductor material composing the semiconductor substrate with the cavity left in the 
lower part of the trench in the step (d). With the cavity left in the element isolation 
formation region, stress generation is suppressed even under high-temperature thermal 
treatment. This stress reduction suppresses defect generation, suppressing dark current 
and white flaws. 

20 [0040] The method may further include a step (e) of implanting an impurity 

having a conductivity type different from that of the element formation regions into the 
semiconductor film after the step (d). In this case, the semiconductor film separates the 
plurality of element formation regions electrically, ensuring sufficient breakdown voltage 
of the element isolation. 

25 [0041] Alternatively, the method may further include a step (f) of oxidizing the 

semiconductor film after the step (d). In this case, the semiconductor film serves as an 
insulating film, so that the plurality of element formation regions are separated from each 
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other electrically, ensuring sufficient breakdown voltage of the element isolation. 
[0042] The method may further include a step (g) of subjecting a side face portion 

of the trench in the semiconductor substrate to thermal oxidation after the step (b) and 
before the step (d). In this case, damage caused at the formation of the trench can be 
5 remedied, so that the leak current induced due to the interface state can be reduced. 

[0043] Alternatively, the method may further include a step (h) of forming an 

insulating film on a side face of the trench after the step (b) and before the step (d). In 
this case, the damage caused on the side face of the trench at the formation of the trench 
can be covered, so that the leak current induced due to the interface state can be reduced. 
10 [0044] A part of the element formation regions of the semiconductor substrate 

may include a n-type impurity and the method may fiirther include a step (i) of implanting 
a p-type ion into a surface portion of the trench in the semiconductor substrate after the 
step (b) and before the step (d). In this case, the breakdown voltage of the isolation can 
be increased. 

15 [0045] A peripheral circuit region including a drive circuit for operating the 

imaging region may be provided beside the imaging region in the semiconductor substrate 
and an element isolation region of the peripheral circuit region may be formed by the same 
step as a step of forming an element isolation region of the imaging region. In this case, 
the steps can be simplified. 

20 [0046] In the peripheral circuit region, only a NMOS transistor, only a PMOS 

transistor, or a CMOS transistor may be formed. In this case, the number of implanting 
steps is reduced, enabling simplification of the steps. 

[0047] The fourth method of the present invention is a method for manufacturing 

a solid-state imaging device in which an imaging region in which a plurality of unit pixels 
25 are arranged is provided on a semiconductor substrate, each of the unit pixel including a 
plurality of element formation regions and an element isolation formation region located 
between the plurality of element formation regions, wherein the method includes: a step (a) 
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of forming, on the semiconductor substrate, a protection film including an opening portion 
that exposes a part of the element isolation formation region of the semiconductor 
substrate; a step (b) of forming a trench having a depth two time larger than a width thereof 
by removing a part of the element isolation formation region of the semiconductor 
5 substrate by etching using the protection film as a mask; and a step (c) of forming a TEOS 
film for burying the trench by CVD after the step (b). 

[0048] Accordingly, in the step (c), a cavity is easily formed at a part within the 

TEOS film. With the cavity formed, stress that the TEOS fihn gives to the semiconductor 
substrate can be reduced. This stress reduction suppresses defect generation, resulting in 
10 lowering of the dark current and suppression of white flaws. As well, the TEOS film and 
the cavity fiinction to ensure the sufficient breakdown voltage of the element isolation. 
[0049] The method may fiirther include a step (d) of subjecting a side face portion 

of the trench in the semiconductor substrate to thermal oxidation after the step (b) and 
before the step (c). In this case, damage caused at the formation of the trench can be 
1 5 remedied, so that the leak current induced due to the interface state can be reduced. 

[0050] Alternatively, the method may fiirther include a step (e) of forming an 

insulting film on a side face of the trench after the step (b) and before the step (c). In this 
case, the surface of the trench at which damage is caused at the formation of the trench can 
be covered, so that the leak current induced due to the interface state can be reduced. 
20 [0051] A n-type impurity may be included in a part of the element formation 

regions of the semiconductor substrate and the method may fiirther include a step (f) of 
implanting a p-type ion into a part of a surface portion of the trench in the semiconductor 
substrate after the step (b) and before the step (c). hi this case, the breakdown voltage of 
the isolation can be increased. 
25 [0052] A peripheral circuit region including a drive circuit for operating the 

imaging region may be provided beside the imaging region in the semiconductor substrate 
and an element isolation region of the peripheral circuit region may be formed by the same 
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step as a step of forming an element isolation region of the imaging region. In this case, 
the steps can be simplified. 

[0053] In the peripheral circuit region, only a NMOS transistor, only a PMOS 

transistor, or a CMOS transistor may be formed. In this case, the number of implanting 

5 steps is reduced, enabling simplification of the steps. 

[0054] The fifth method of the present invention is a method for manufacturing a 

solid-state imaging device provided with, on a semiconductor substrate, an imaging region 
in which a plurality of unit pixels respectively including photoelectric conversion sections 
and active regions are arranged, wherein in a step of forming an element isolation trench 

10 between the photoelectric conversion sections and between the respective photoelectric 
conversion regions and the respective active regions in the semiconductor substrate, a wall 
of the element isolation trench is tapered. 

[0055] In the fifth method for manufacturing a solid-state imaging device, the 

element isolation trench to be the element isolation region is formed between the 
15 photoelectric conversion sections and between the respective photoelectric conversion 
sections and the respective active regions, so that sufficient breakdown voltage of the 
element isolation can be attained while the imaging region is miniaturized. Further, the 
wall portion of the element isolation trench is tapered, reducing stress generated at the 
boundary between the semiconductor substrate to be the photoelectric conversion section 
20 or the active region and the element isolation region. Accordingly, the leak current in the 
photoelectric conversion sections (for example, photodiode and the like) or the active 
regions (for example, the source region and the drain region of a transistor, and the like) 
can be reduced, the dark current is lowered, and white flaws are reduced in number. 
[0056] The sixth method of the present invention is a method for manufacturing a 

25 solid-state imaging device provided with, on a semiconductor substrate, an imaging region 
in which a plurality of unit pixels respectively including photoelectric conversion sections 
and active regions are arranged, wherein in a step of forming an element isolation trench 
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between the photoelectric conversion sections and between the respective photoelectric 
conversion regions and the respective active regions in the semiconductor substrate, an 
angle between a wall face of the element isolation trench and a surface of the 
semiconductor substrate is set within a range between 1 10° and 130°, both inclusive. 
[0057] In the sixth method for manufacturing a solid-state imaging device, the 

element isolation trench to be the element isolation region is formed between the 
photoelectric conversion sections and between the respective photoelectric conversion 
sections and the respective active regions, so that sufficient breakdown voltage of the 
element isolation can be attained while the imaging region is miniaturized. Further, the 
angle between the wall face of the element isolation trench and the surface of the 
semiconductor substrate is set within the range between 110° and 130°, both inclusive. 
Accordingly, shearing stress generated at the boundary between the surface of the 
semiconductor substrate to be the photoelectric conversion section or the active region and 
the surface of the element isolation region can be minimized. Hence, the leak current 
15 induced due to stress generated due to the shearing stress can be reduced in the 
photoelectric conversion section (for example, photodiode and the like) or the active region 
(for example, the source region and the drain region of a transistor, and the like), and 
lowering of the dark current and the reduction in number of white flaws can be realized. 
[0058] The fifth or sixth method for manufacturing a solid-state imaging device 

20 may further include the step of, after a first insulating film and a second insulting film 
different in kind fi-om the first insulating fiUn are deposited on the semiconductor substrate 
sequentially, pattering the first insulating film and the second insulating film before the 
step of forming the element isolation trench, wherein the step of forming the element 
isolation trench includes a step of etching the semiconductor substrate using the patterned 
25 first insulting film and the patterned second insulating film as a mask. In this case, a flow 
rate of an oxygen gas is preferably set to be 5 % or lower of a flow rate of a chlorine gas in 
the step of etching the semiconductor substrate. This allows the wall of the element 
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isolation trench to be tapered reliably. 

[0059] In the fifth or sixth method, if a conductive type of the photoelectric 

conversion sections is n-type, a step of forming a p-type semiconductor layer at at least a 
part in contact with the element isolation trench in a region of the semiconductor substrate 
to be the photoelectric conversion sections is provided preferably after the step of forming 
the element isolation trench, while if a conductive type of the photoelectric conversion 
sections is p-type, a step of forming a n-type semiconductor layer at at least a part in 
contact with the element isolation trench in a region of the semiconductor substrate to be 
the photoelectric conversion sections is provided preferably after the step of forming the 
element isolation trench. 

[0060] This reduces the dark current induced due to the interface state generated 

at the part where the silicon substrate is in contact with the element isolation region. 
[0061] In the fifth or sixth method, it is preferable that the solid-state imaging 

device includes, on the semiconductor substrate, a peripheral circuit region including a 
drive circuit for operating the imaging region and element isolation structures are formed 
simultaneously in the peripheral circuit region and the imaging region. 
[0062] This shortens the manufacturing steps. 

[0063] In the fifth or sixth method, it is preferable that the soUd-state imaging 

device includes, on the semiconductor substrate, a peripheral circuit region includmg a 
drive circuit for operating the imaging region and different element isolation structures are 
formed in the peripheral circuit region and the imaging region. 

[0064] This allows the element isolation region provided in the peripheral circuit 

region to be smaller than the element isolation region provided in the imaging region, 
resulting in reduction in area of the peripheral circuit region. 

[0065] In the fifth or sixth method, it is preferable to use only a NMOS transistor 

or only a PMOS transistor as a transistor provided in the peripheral circuit region. 

[0066] This eliminates the need for an impurity implanting step, which has been 



15 

necessary for manufacturing a solid-state imaging device, attaining a shortened process. 
[0067] In the fifth or sixth method, it is preferable to use a CMOS transistor as a 

transistor provided in the peripheral circuit region. 

[0068] This realizes a solid-state imaging device capable of high-speed charge 

reading. 

[0069] A camera manufacturing method according to the present invention is a 

method for manufacturing a camera which employs the fifth or sixth method for 
manufacturing a solid-state imaging device of the present invention, and therefore, a 
camera capable of imaging at high resolutions can be realized. 

[0070] The first solid-state imaging device of the present invention is a solid-state 

imaging device in which an imaging region in which a plurality of unit pixels are arranged 
is provided on a semiconductor substrate, each of the unit pixels including a plurality of 
element formation regions and an element isolation formation region located between the 
plurality of element formation regions, wherein in the element isolation formation region, a 
trench is formed in a part of the semiconductor substrate and a burying fihn is provided for 
burying the trench, and the trench is formed by removing a part of the semiconductor 
substrate using a protection film which covers the element formation regions of the 
semiconductor substrate and which includes an opening portion that exposes the element 
isolation formation region of the semiconductor substrate and a sidewall provided on a side 
face of the opening portion in the protection film as a mask. 

[0071] In this solid-state imaging device, the trench is formed by removing a part 

of the semiconductor substrate using the sidewall as a mask. Accordingly, the width of 
the trench becomes smaller by the thickness of the sidewall than the width of the opening 
in the protection film. Consequently, even in the case where the opening of the protection 
film is formed to have a minimum opening width that can be formed by the currently 
available patterning method, a trench fiirther narrower than the minimum opening width 
can be formed. 
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[0072] The element isolation power of the burying film for burying the trench is 

high even in the narrowed trench, thereby ensuring the element isolation power. The 
narrow trench width leads to extension of the distance between the element formation 
regions and the element isolation by the narrowed width. Accordingly, even if thermal 
stress is generated in the vicinity of the trench, the leak current flowing towards the 
element formation regions can be reduced. Hence, the dark current and white flaws are 
obviated. 

[0073] A n-type impurity may be included in the element formation regions of the 

semiconductor substrate and a p-type impurity may be included in a surface portion of the 
trench in the element isolation formation region of the semiconductor substrate. In this 
case, the dark current is prevented from flowing towards an active region through the 
interface state generated by the formation of the trench. In detail, the p-type impurity is 
included in the vicinity of the surface of the trench in the semiconductor substrate, so that 
an energetic barrier is formed between the vicinity of the surface of the trench and the 
active region of the element, thereby restricting the movement of the carrier. 
[0074] A silicon oxide film may be provided on a surface of the trench. 

[0075] A level of the burying film may be higher than an upper face of the 

semiconductor substrate. In this case, though a wiring such as a gate wiring is formed on 
the burying layer, short circuit between wirings to be isolated therebetween is hard to occur. 
The reason thereof will be described below. The wirings are formed in such a manner 
that the semiconductor substrate and the burying film are covered with the conducting film 
and the conducting film is patterned. If the burying film is formed to a level lower than 
the upper face of the semiconductor substrate, it is difficult to remove a part of the 
conducting film which is located on the burying film. If this is the case, the wirings to be 
isolated form each other are liable to be in contact with each other through the conducting 
film that could not be removed. While, the higher burying film obviates this liability. 
[0076] The second solid-state imaging device of the present invention is a 
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solid-state imaging device in which an imaging region in which a plurality of unit pixels 
are arranged is provided on a semiconductor substrate, each of the unit pixels including a 
plurality of element formation regions and an element isolation region located between the 
plurality of element formation regions, wherein a part of the element isolation region of the 
5 semiconductor substrate is patterned, and an oxide film for element isolation that buries the 
patterned element isolation region, which is obtained by oxidizing a part of the 
semiconductor substrate which is exposed at a surface of the pattemed element isolation 
region is provided. 

[0077] In this way, the oxidation after the formation of the concave prevents a 

1 0 bird's beak from being formed, contemplating miniaturization of the device. Further, the 
oxide film for element isolation is formed by oxidizing the surface portion of the concave, 
and therefore, the oxide film is formed in a region apart from the element fomiation 
regions. This reduces stress in the region near the element formation regions and hardly 
generates film stress of the nitride film and the like and defects caused due to thermal 
1 5 treatment. Hence, dark current and white flaw which are generated due to defects are 
prevented while sufficient element isolation power is ensured. 

[0078] A n-type impurity may be included in the element formation regions of the 

semiconductor substrate and a p-type impurity may be included in a surface portion of a 
concave in the semiconductor substrate in the element isolation region of the 

20 semiconductor substrate. In this case, the dark current is prevented from flowing towards 
an active region through the interface state generated by the formation of the concave. In 
detail, the p-type impurity is included in the vicinity of the surface of the concave in the 
semiconductor substrate, so that an energetic barrier is formed between the vicinity of the 
surface of the concave and the active region of the element, thereby restricting the 

25 movement of the carrier. 

[0079] It is preferable that a level of the oxide film for element isolation is higher 

than an upper face of the semiconductor substrate. In this case, though a wiring such as a 



gate wiring is formed on the oxide film for element isolation, short circuit between wirings 
to be isolated therebetween hardly occurs. The reason thereof will be described below. 
The wirings are formed in such a manner that the semiconductor substrate and the oxide 
film for element isolation are covered with the conducting film and the conducting film is 

5 pattemed. If the oxide film for element isolation is formed to a level lower than the upper 
face of the semiconductor substrate, it is difficult to remove a part of the conducting film 
which is located on the oxide film for element isolation. If this is the case, the wirings to 
be isolated from each other are liable to be in contact with each other through the 
conducting film that could not be removed. While, the higher burying film obviates this 

10 liability. 

[0080] It is noted that if the above solid-state imaging device is employed in a 

camera, imaging at high resolutions is enabled. 

[0081] The third solid-state imaging device of the present invention is a solid-state 

imaging device in which an imaging region in which a plurality of unit pixels are arranged 

15 is provided on a semiconductor substrate, each of the unit pixels including a plurality of 
element formation regions and an element isolation region located between the plurality of 
element formation regions, wherein in the element isolation region, a trench located in an 
upper part of the semiconductor substrate is formed, an element isolation film electrically 
isolating between the plurality of element formation regions is provided so as to cover at 

20 least an upper part of the trench, and a cavity is formed at a part within the trench. 

[0082] In the element isolation formation region with the cavity formed therein, 

stress that the element isolation formation region gives to the semiconductor substrate is 
reduced. This stress reduction suppresses defect generation, resulting in lowering of the 
dark current and suppression of generation of white flaws. As well, the element isolation 

25 film and the cavity function to ensure sufficient breakdown voltage of the element 
isolation. 

[0083] If the element isolation film covers an upper part of the cavity and includes 



a p-type impurity, the plurality of element formation regions are separated from each other 
electrically by the element isolation film, ensuring sufficient breakdown voltage of the 
element isolation. 

[0084] If the element isolation film is a silicon oxide film that covers an upper 

5 part of the cavity, the plurality of element formation regions are separated from each other 
electrically by the silicon oxide film serving as an insulating film, ensuring sufficient 
breakdown voltage of the element isolation. 

[0085] If the element isolation film is a TEOS film that buries the trench and the 

cavity is formed within a part of the of the TEOS film, the plurality of element formation 
10 regions are separated from each other electrically by the TEOS film serving as an 
insulating film, ensuring sufficient breakdown voltage of the element isolation. 
[0086] When the above solid-state imaging device is employed in a camera, high 

resolutions can be attained. 

[0087] The fourth solid-state imaging device of the present invention includes: a 

1 5 semiconductor substrate; and an imaging region provided on the semiconductor substrate 
in which a pliurality of unit pixels respectively including photoelectric conversion sections 
and active regions are arranged, wherein an element isolation trench is formed between the 
photoelectric conversion sections and between the respective photoelectric conversion 
sections and the respective active regions, the element isolation trench having a tapered 
20 wall. 

[0088] In the fourth solid-state imaging device, the element isolation trench to be 

the element isolation region is formed between the photoelectric conversion sections and 
between the respective photoelectric conversion sections and the respective active regions, 
so that sufficient breakdown voltage of the element isolation can be obtained while the 
25 imaging region is miniaturized. Further, the wall of the element isolation trench is 
tapered, reducing stress generated at the boundary between the semiconductor substrate to 
be the photoelectric conversion section or the active region and the element isolation 



region. Accordingly, the leak current in the photoelectric conversion section (for example, 
photodiodes and the like) or the active regions (for example, the source region and the 
drain region of a transistor, and the like) can be reduced, the dark current is lowered, and 
white flaws are reduced in number. 
5 [0089] The fifth solid-state imaging device of the present invention includes: a 

semiconductor substrate; and an imaging region provided on the semiconductor substrate 
in which a plurality of unit pixels respectively including photoelectric conversion sections 
and active regions are arranged, wherein an element isolation trench is formed between the 
photoelectric conversion sections and between the respective photoelectric conversion 
10 sections and the respective active regions, a wall face of the element isolation trench 
forming an angle within a range between llO"* and 130°, both inclusive, with respect to a 
surface of the semiconductor substrate. 

[0090] In the fifth solid-state imaging device, the element isolation trench to be 

the element isolation region is formed between the photoelectric conversion sections and 

1 5 between the respective photoelectric conversion sections and the respective active regions, 
so that sufficient breakdown voltage of the element isolation can be obtained while the 
imaging region is miniaturized. Further, the angle between the wall face of the element 
isolation trench and the surface of the semiconductor substrate is kept in the range between 
110° and 130°, both inclusive. Accordingly, shearing stress generated at the boundary 

20 between the surface of the semiconductor substrate to be the photoelectric conversion 
section or the active region and the surface of the element isolation region can be 
minimized. Hence, the leak current induced due to stress generated due to the shearing 
stress can be reduced in the photoelectric conversion sections (for example, photodiodes 
and the like) or the active regions (for example, the source region and the drain region of a 

25 transistor, and the like), the dark current is lowered, and white flaws are reduced in 
number. 

[0091] In the fourth or fifth solid-state imaging device, if a conductive type of the 



photoelectric conversion sections is n-type, a p-type semiconductor layer is preferably 
provided at at least a part in contact with the element isolation trench in a region of the 
semiconductor substrate to be the photoelectric conversion sections, while if a conductive 
type of the photoelectric conversion sections is p-type, a n-type semiconductor layer is 
5 preferably provided at at least a part in contact with the element isolation trench in a region 
of the semiconductor substrate to be the photoelectric conversion sections. 
[0092] With the above construction, the dark current induced due to the interface 

state generated at a part where the silicon substrate is in contact with the element isolation 
region can be reduced. 

10 [0093] The fourth or fifth solid-state imaging device may fiirther include a 

peripheral circuit region including a drive circuit for operating the imaging region in the 
semiconductor substrate, and the peripheral circuit region and the imaging region 
preferably have the same element isolation structure. 

[0094] This simplifies the method for manufacturing a solid-sate imaging device. 

15 [0095] The fourth or fifth solid-state imaging device may fiirther include a 

peripheral circuit region including a drive circuit for operating the imaging region in the 
semiconductor substrate, and the peripheral circuit region and the imaging region 
preferably have different element isolation structures. 

[0096] This allows the element isolation region provided in the peripheral circuit 

20 region to be smaller than the element isolation region provided in the imaging region, 
thereby reducing the area of the peripheral circuit region. 

[0097] In the fourth or fifth solid-state imaging device, it is preferable that a 

transistor provided in the peripheral circuit region is only a n-type MOS transistor or only a 
p-type MOS transistor. 

25 [0098] This eliminates the need for an impurity implanting step, which has been 

necessary in the solid-state imaging device manufacturing process, attaining a shortened 
process. 



[0099] In the fourth or fifth solid-state imaging device, it is preferable that a 

transistor provided in the peripheral circuit region is a COMS transistor. 

[0100] This realizes a solid-sate imaging device capable of high-speed charge 

reading. 

5 [0101] A camera according to the present invention is a camera that employs the 

fourth or fifth solid-state imaging device of the present invention, and accordingly, 
imaging at high resolutions can be enabled. 
Effects of the Invention 

[0102] The solid-state imaging device and the method for manufacturing it 

10 according to the present invention are applicable to an element isolation formation region 
for isolating photodiodes and to an element isolation formation region for isolating a 
photodiode and an active region, and exhibit sufficient element isolation power with less 
stress generated, and have an excellent hump characteristic. Hence, the dark current can 
be suppressed and the number of white flaws can be reduced. 
1 5 Brief Description of the Drawings 

[0103] [FIG. 1] FIG. 1(a) to FIG. 1(f) are sections showing steps for forming an 

element isolation region in a solid-state imaging device manufacturing method in 
Embodiment 1. 

[FIG. 2] FIG. 2(a) to FIG. 2(f) are sections showing steps for forming an element 

20 isolation region in a solid-state imaging device manufacturing method in Embodiment 2. 

[FIG. 3] FIG. 3(a) to FIG. 3(d) are sections showing steps for forming an element 

isolation region in a solid-state imaging device manufacturing method in Embodiment 3. 

[FIG. 4] FIG. 4(a) to FIG. 4(d) are sections showing steps for forming an element 

isolation region in a solid-state imaging device manufacturing method in Embodiment 4. 
25 [FIG. 5] FIG. 5(a) to FIG. 5(e) are sections showing steps for forming an element 

isolation region in a solid-state imaging device manufacturing method in Embodiment 5. 

[FIG. 6] FIG. 6(a) to FIG. 6(e) are sections showing steps for forming an element 
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isolation region in a solid-state imaging device manufacturing method in Embodiment 6. 
[FIG. 7] FIG. 7(a) to FIG. 7(e) are sections showing steps for forming an element 

isolation region in a solid-state imaging device manufactxiring method in Embodiment 7. 
[FIG. 8] FIG. 8(a) to FIG. 8(e) are sections showing steps of a solid-state imaging 

device manufacturing method in Embodiment 8. 

[FIG. 9] FIG. 9 is a graph showing results obtained by simulating dependency, on a 

trench angle (= 180^ minus tapered angle 6), of stress (residual stress) caused at the 
boundary between a substrate 1 and an element isolation structure in Embodiment 8 where 
an element isolation insulating film 44 is buried in a trench 41. 

[FIG. 10] FIG. 10 is a circuit diagram shoving one example of a construction of a 
solid-state imaging device. 

[FIG. 11] FIG. 11(a) to FIG. 11(f) are sections showing a process of forming an 
element isolation region in a conventional imaging device. 
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Best Mode for Carrying Out the Invention 
5 [0105] A solid-state imaging device according to embodiments of the present 

invention will be described below with reference to the drawings. Wherein, in the 
following embodiments, the case is described where the present invention is applied to an 
element isolation region between photodiodes or an element isolation region between a 
photodiode and an active region. 
10 [0106] (Embodiment 1) 

FIG. 1(a) to FIG. 1(f) are sections showing steps for forming an element isolation 
region in a solid-state imaging device manufacturing method according to Embodiment 1. 
[0107] In the solid-state imaging device manufacturing method in the present 

embodiment, a pad insulating film 2 made of a silicon oxide film having a thickness of 
1 5 about 1 to 50 nm is formed on a semiconductor substrate 1 first in the step shown in FIG. 
1(a). On the pad insulating film 2, an anti-oxidizing film 3 made of a silicon nitride film 
or the like having a thickness of 50 to 400 nm is formed. Then, a resist (not shown) 
including an opening portion in a predetermined region is formed on the anti-oxidizing 
film 3. 

20 [0108] Thereafter, etching is performed using the resist as a mask to form an 

opening 4 passing through the pad insulating film 2 and the anti-oxidizing film 3 and 
allowing a predetermined region of the upper face of the semiconductor substrate 1 to be 
exposed. Then, the resist is removed. Herein, the width of the opening 4 is set to about 
0.20 Jim. 

25 [0109] Next, in the step shown in FIG. 1(b), an anti-oxidizing film (not shown) 

made of a silicon nitride film or the like having a thickness of about 10 to 200 mn is 
deposited so as to cover the surface of the opening 4. Then, anisotropic dry etching is 
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performed to the anti-oxidizing film to form a sidewall 5 having oxidization resistance on 
the side face of the opening 4, At that time, by changing the thicknesses of the 
anti-oxidizing film 3 and the anti-oxidizing film for the sidewall, the thickness of the 
sidewall 5 can be adjusted. It is noted that the silicon nitride film is used for the 
5 anti-oxidizing film 3 and the sidewall 5 in the present embodiment but an oxide film, a 
silicon film, or an oxynitride film may be used instead. 

[0110] Subsequently, in the step shown in FIG. 1(c), selective etching is 

performed using the anti-oxidizing film 3 and the sidewall 5 as a mask for removing the 
upper part of the semiconductor substrate 1 to form a trench 6 having a depth of about 50 
1 0 to 500 nm. Then, boron, which is a p-type impurity, is implanted over the substrate at an 
implantation energy of 5 KeV to 50 KeV with a dose amount of 1 X lO^Vcm^ to 1 X 
lO^Vcml 

[0111] Thereafter, in the step shown in FIG. 1(d), a part of the semiconductor 

substrate 1 which is exposed at the side face of the trench 6 is subjected to thermal 

1 5 oxidation to form an inner wall oxide film 7 having a thickness of about 40 nm. The 
formation of the inner wall thermal oxide film 7 allows an edge of the semiconductor 
substrate 1 which is exposed at the upper edge portion of the trench 6 to be rounded. 
Then, a burying film 8 made of an oxide film having a thickness of about 600 nm is 
deposited on the substrate so as to bury the trench 6 and the opening 4 and so as to cover 

20 the anti-oxidizing film 3. It is noted that the oxide film is used for the burying film 8 in 
the present embodiment but an oxynitride film may be used instead. 

[0112] Next, in the step shown in FIG. 1(e), CMP is performed using the 

anti-oxidizing film 3 as a polishing stopper layer to polish and remove the upper part of the 
burying film 8. 

25 [0113] Subsequently, in the step shovm in FIG. 1(f), wet etching is performed to 

remove the anti-oxidizing film 3 and the upper part of the pad insulating film 2. This wet 
etching is performed under the condition that the etch rate of the silicon nitride film is 
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higher than that of the silicon oxide film. Whereby, the anti-oxidizing film 3 and the 
sidewall 5, which are made of silicon nitride films, are removed deeper than the burying 
film 8 made of a silicon oxide film. Then, when the wet etching is stopped with the pad 
insulating film 2 left thin, the burying film 8 remains higher in level than the pad insulating 
5 film 2 and the sidewall 5. 

[0114] Thereafter, ion is implanted into a desired region of the semiconductor 

substrate 1 to form a photoelectric conversion section 9 and an active region 10. Then, a 
gate insulating film 16, a CVD oxide film 17, an interlayer insulating film 18, a signal 
wiring 19, and a wiring pattern 20 including a gate electrode are formed by a known 

10 technique, thereby completing the semiconductor device of the present embodiment. 
Through the aforementioned steps, the process of the present embodiment is completed. 
[01 15] Effects obtained in the present embodiment will be described below. 

[0116] In the present embodiment, the trench 6 is formed by etching using the 

sidewall 5 as a mask. Accordingly, the width of the trench 6 can be narrower by the 

1 5 thickness of the sidewall 5 than the width of the opening 4 (shown in FIG. 1(a) and the 
like). Thus, even in the case where the opening 4 is formed so as to have a minimum 
opening width that can be patterned by the cxirrently available technique, the trench 6 
narrower than the minimum opening width can be formed. 

[0117] The burying film 8 for burying the trench 6 has high element isolation 

20 power even in the trench 6 of the narrowed width, ensuring the element isolation power. 
Further, by the narrowed width of the trench 6, the distance from the surface of the trench 
6 to the photoelectric conversion section 9 and the active region 10 can be extended. 
Hence, even if thermal stress is generated in the vicinity of the trench 6 after the trench 6 is 
buried with the burying film 8, the leak current flowing towards the photoelectric 
25 conversion section 9 and the active region 10 can be reduced. In tum, the dark current 
and white flaws can be prevented. Referring to a concrete example, about 10000 white 
flaws were observed in an imaging device having a conventional STI while about 100 



white flaws were observed in the imaging device of the present embodiment. Wherein, 
this comparison was carried out using the values measured under the condition that the 
imaging devices having one million pixels were operated at an output of 10 mV or higher. 
[0118] Moreover, in the present embodiment, the p-type impurity is implanted 

5 after the trench 6 is formed. Accordingly, the dark current is prevented from flowing 
towards the active region through the interface state generated by the formation of the 
trench 6. In other words, doping of the p-type impurity in the vicinity of the surface of 
the trench 6 in the semiconductor substrate 1 allows an energetic barrier to be formed 
between the vicinity of the surface of the trench 6 and the active region of the element, 

1 0 restricting the movement of the carrier. 

[0119] Furthermore, in the present embodiment, the inner wall thermal oxide film 

7 is formed to rovmd the edge of the semiconductor substrate 1 which is exposed at the 
upper edge portion of the trench. This prevents field concentration at the edge of the 
semiconductor substrate 1 in operation of the device. 

1 5 [0120] In addition, the level of the burying film 8 is set higher than the upper face 

of the semiconductor substrate 1 in the present embodiment. This prevents short circuit 
between wirings such as a gate wring and the like to be insulated from each other even in 
the case where the wirings are formed on the burying film 8. The reason thereof will be 
described below. The wirings are formed in such a manner that the semiconductor 

20 substrate 1 and the burring film 8 are covered with the conducting film and the conducting 
fihn is patterned. If the bvirying film 8 is formed to a level lower than the upper face of 
the semiconductor substrate 1, it is difficult to remove a part of the conducting film which 
is located on the burying film 8. If this is the case, the wirings to be isolated from each 
other are liable to be in contact with each other through the conducting film that could not 

25 be removed. While, the higher burying film obviates this liability. 
[0121] (Embodiment 2) 

FIG. 2(a) to FIG. 2(f) are sections showing steps for forming an element isolation 
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region in a solid-state imaging device manufacturing method according to Embodiment 2. 
[0122] In the solid-state imaging device manufacturing method in the present 

embodiment, in the step shovm in FIG. 2(a), a pad insulting film 2 made of a silicon oxide 
film having a thickness of about 1 to 50 nm is formed first on a semiconductor substrate 1. 
5 On the pad insulating film 2, an anti-oxidizing film 3 made of a silicon nitride film or the 
like film having a thickness of 50 to 400 nm is formed. Then, a resist (not shown) 
including an opening portion in a predetermmed region is formed on the anti-oxidizing 
fihn3. 

[0123] Thereafter, etching is performed using the resist as a mask to form an 

10 opening 4 passing through the pad insulating film 2 and the anti-oxidizing film 3 and 
allowing a predetermined region of the upper face of the semiconductor substrate 1 to be 
exposed. Then, the resist is removed. Herem. the width of the opening 4 is set to about 

0.2 |xm. 

[0124] Next, in the step shown in FIG. 2(b), an anti-oxidizing film (not shown) 

15 made of a silicon nitride film or the like having a thickness of about 10 to 200 nm is 
deposited so as to cover the surface of the opening 4. Then, anisotropic etching is 
performed to the anti-oxidizing fihn to form a sidewall 5 having oxidization resistance on 
the side face of the opening 4. At that time, by changing the thicknesses of the 
anti-oxidizing film 3 and the anti-oxidizing film for the sidewall, the thickness of the 
20 sidewall 5 can be adjusted. It is noted that the silicon nitride film is used for the 
anti-oxidizing film 3 and the sidewall 5 in the present embodiment but an oxide film, a 
silicon film, or an oxynitride film may be used instead. 

[0125] Subsequently, in the step shown in FIG. 2(c), selective etching is 

performed using the anti-oxidizing film 3 and the sidewall 5 as a mask for removing the 
25 upper part of the semiconductor substrate 1 to form a trench 6 having a depth of about 50 
to 500 nm. Then, boron, which is a p-type impurity, is implanted over the substrate at an 
implantation energy of 5 KeV to 50 KeV with a dose amount of 1 X lO^W to 1 X 
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lO'Vcml 

[0126] Thereafter, in the step shown in FIG. 2(d), a part of the semiconductor 

substrate 1 which is exposed at the side face of the trench 6 is subjected to thermal 
oxidation to form an inner wall oxide film 7 having a thickness of about 40 nm. The 

5 formation of the inner wall thermal oxide film 7 allows an edge of the semiconductor 
substrate 1 which is exposed at the upper edge portion of the trench 6 to be rounded. 
Then, a burying film 11 made of a siUcon film having a thickness of about 600 nm is 
formed on the substrate so as to bury the trench 6 and the opening 4 and so as to cover the 
anti-oxidizing film 3. Herein, polysilicon or amorphous silicon is used for the burying 

10 film 11. 

[0127] Next, in the step shown in FIG. 2(e), CMP is performed using the 

anti-oxidizing film 3 as a polishing stopper layer to polish and remove the upper part of the 
burying film 11. 

[0128] Subsequently, in the step shown m FIG. 2(f), wet etching is performed to 

1 5 remove the anti-oxidizing fihn 3 and the upper part of the pad insulating film 2. This wet 
etching is performed under the condition that the etch rate of the silicon nitride film is 
higher than that of silicon. Whereby, the anti-oxidizing film 3 and the sidewall 5, which 
are made of silicon nitride films, are removed deeper than the burying film 11 made of 
silicon. Then, when the wet etching is stopped with the pad insulating film 2 left thin, the 

20 burying film 11 remains higher in level than the pad insulating film 2 and the sidewall 5. 

[0129] Thereafter, ion is implanted into a desired region of the semiconductor 

substrate 1 to form a photoelectric conversion section 9 and an active region 10. Then, a 
gate insulating film 16, a CVD oxide film 17, an interlayer insulating film 18, a signal 
wiring 19, and a wiring pattern 20 including a gate electrode are formed by a known 

25 technique, thereby completing the semiconductor device of the present embodiment. 
Through the aforementioned steps, the process of the present embodiment is completed. 
[0130] Effects obtained in the present embodiment will be described below. 
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[0131] In the present embodiment, the trench 6 is formed by etching using the 

sidewall 5 as a mask. Accordingly, the width of the trench 6 can be narrower by the 
thickness of the sidewall 5 than the width of the opening 4 (shown in FIG. 2(a) and the 
like). Thus, even in the case where the opening 4 is formed so as to have a minimum 
5 opening width that can be patterned by the currently available technique, the trench 6 
narrower than the minimxmi opening width can be formed. 

[0132] With the irmer wall thermal oxide film 7 in the surface portion of the 

trench 6, high element isolation power can be ensured even vnXh the trench 6 narrowed. 
Further, by the narrowed width of the trench 6, the distance fi-om the surface of the trench 
10 6 to the photoelectric conversion section 9 and the active region 10 can be extended. 
Hence, even if thermal stress is generated in the vicinity of the trench 6 after the trench 6 is 
buried with the burying film 11, the leak current flowing towards the photoelectric 
conversion section 9 and the active region 10 can be reduced. In turn, the dark current 
and white flaws can be prevented. Referring to a concrete example, about 10000 white 
15 flaws were observed in an imaging device having a conventional STI while about 100 
white flaws were observed in the imaging device of the present embodiment. Wherein, 
this comparison was carried out using the values measured under the condition that the 
imaging devices having one million pbcels were operated at an output of 10 mV or higher. 
[0133] In the present embodiment, polysilicon or amorphous silicon is used as a 

20 material of the burying film 11. Polysilicon and amorphous silicon have coefficients of 
thermal expansion almost the same as that of the semiconductor substrate 1, and therefore, 
stress given fi-om the burying film 11 to the semiconductor substrate 1 is fiorther reduced. 
[0134] Further, in the present embodiment, the p-type impurity is implanted after 

the trench 6 is formed. Accordingly, the dark current is prevented from flowing towards 
25 the active region through the interface state generated by the formation of the trench 6. In 
other words, doping of the p-type impurity in the vicinity of the surface of the trench 6 in 
the semiconductor substrate 1 allows an energetic barrier to be formed between the vicinity 
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of the surface of the trench 6 and the active region of the element, restricting the movement 
of the carrier. 

[0135] Fiarthermore, in the present embodiment, the inner wall thermal oxide film 

7 is formed to round the edge of the semiconductor substrate 1 which is exposed at the 
5 upper edge portion of the trench. This prevents field concentration at the edge of the 
semiconductor substrate 1 in operation of the device. 

[0136] In addition, the level of the burying film 11 is set higher than the upper 

face of the semiconductor substrate 1 in the present embodiment. This prevents short 
circuit between wirings such as a gate wring and the like to be insulated from each other 

1 0 even in the case were a wiring is formed on the burying film 11 . The reason thereof will 
be described below. The wirings are formed in such a manner that the semiconductor 
substrate 1 and the burring fihn 11 are covered with the conducting film and the 
conducting film is patterned. If the burying film 11 is formed to a level lower than the 
upper face of the semiconductor substrate 1, it is difficuh to remove a part of the 

1 5 conducting film where it is located on the burying film 11. If this is the case, the wirings 
to be isolated fi-om each other are liable to be in contact with each other through the 
conducting fihn that could not be removed. While, the higher burying film obviates this 
liability. 

[0137] (Embodiment 3) 

20 FIG. 3(a) to FIG. 3(d) are sections showing steps for forming an element isolation 

region in a solid-state imaging device manufacturing method according to Embodiment 3. 
[0138] In the solid-state imaging device manufacturing method in the present 

embodiment, in the step shown in FIG. 3(a), a pad insulting film 2 made of a silicon oxide 
film having a thickness of about 1 to 50 nm is formed first on a semiconductor, substrate 1. 

25 On the pad insulating film 2, an anti-oxidizing film 3 made of a silicon nitride film or the 
like having a thickness of 50 to 400 nm is formed. Then, a resist (not shown) including 
an opening portion in a predetermined region is formed on the anti-oxidizing film 3. 
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[0139] Thereafter, etching is performed using the resist as a mask to form an 

opening 4 passing through the pad insulating film 2 and the anti-oxidizing film 3 and 
exposing a predetermined region of the upper face of the semiconductor substrate 1. 
Then, the resist is removed. Herein, the width of the opening 4 is set to about 0.20 )xm- 
5 It is noted that the width of the opening 4 is set narrower than a target width of an element 
isolation region, taking account that the element isolation region expands at formation of a 
LOCOS oxide film 21 (shown in FIG. 3(c)) thereafter. In this way, the width adjustment 
of the opening 4 reduces the surface area occupying the element isolation region. Hence, 
this method is usefiil when it is applied to a miniaturized MOS imaging device. 
1 0 [0140] Subsequently, in the step shown in FIG. 3(b), the semiconductor substrate 

1 is subjected to selective etching using the anti-oxidizing fihn 3 as a mask. At this time, 
the semiconductor substrate 1 is removed to a depth of about 10 to 100 nm to make the 
opening 4 deep. Then, boron, which is a p-type impurity, is implanted over the substrate 
at an implantation energy of 2.5 KeV to 50 KeV with a dose amount of 1 X lO'Vcm' to 1 
15 X lO'Vcm^ This condition is adjusted so that electrons that induce the dark current 
through the interface state are bound. 

[0141] Next, in the step shown in FIG. 3(c), a part of the semiconductor substrate 

1 which is exposed at the surface of the opening 4 is subjected to selective thermal 
oxidation using the anti-oxidizing film 3 as a reinforced mask to form the LOCOS oxide 

20 film 21. The LOCOS oxide fihn 21 is formed so as to bury a part of the side face of the 
opening 4 where the semiconductor substrate 1 is exposed. Adjustment of height and 
shape of a protruding portion of the LOCOS oxide film 21 allows the conducting film to be 
removed with excellent controllability at formation of a gate insulating film by patterning 
the conducting film in a step thereafter. Hence, miniaturization becomes possible. 

25 [0142] Thereafter, in the step shown in FIG. 3(d), wet etching is performed to 

remove the anti-oxidizing film 3 and the upper part of the pad insulting film 2. 
Alternatively, they may be removed in such a manner that after removing the 
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anti-oxidizing film 3 and the pad insulating film 2 to some extent by CMP, the remaining 
part is removed by wet etching. 

[0143] The width of a bird's beak may be adjusted, if it is long, by removing the 

bird's beak by wet etching so as to sufficiently ensure the area of the active region. 

5 [0144] Subsequently, ion is implanted into a desired region of the semiconductor 

substrate 1 to form a photoelectric conversion section 9 and an active region 10. Then, a 
gate insulating film 16, a CVD oxide film 17, an interlayer insulating film 18, a signal 
wiring 19, and a wiring pattern 20 including a gate electrode are formed by a known 
technique, thereby completing the semiconductor device of the present embodiment. 

1 0 [0145] Effects obtained in the present embodiment will be described below. 

[0146] In the present embodiment, the LOCOS oxide film 21 is formed after the 

concave is formed by removing the upper part of the semiconductor substrate 1. This 
suppresses generation of a bird's beak, contemplating miniaturization of the device. 
[0147] Further, the LOCOS oxide film 21 is formed after the formation of the 

1 5 concave. Thus, the operation region of the device can be ensured even with the LOCOS 
oxide film 21 formed. 

[0148] The p-type impurity is implanted in tiie step shown in FIG. 3(b), so that 

tiie dark current is prevented fi-om flowing towards the active region through the interface 
state generated by tiie formation of tiie concave. In otiier words, doping of tiie p-type 
20 impurity in tiie vicinity of tiie surface of tiie concave in tiie semiconductor substrate 1 
forms an energetic barrier between tiie vicinity of tiie surface of tiie concave and tiie active 
region of the element, restricting the movement of the carrier. 

[0149] The height of tiie LOCOS oxide film 21 is set higher than that of tiie 

semiconductor substi-ate 1 in the step shown in FIG. 3(d), so tiiat short circuit of wirings 
25 such as a gate wiring and the like to be isolated fi-om each otiier can be prevented even 
with a wiring formed on the LOCOS oxide film 21. 
[0150] (Embodiment 4) 
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FIG. 4(a) to FIG. 4(d) are sections showing steps for forming an element isolation 
region in a solid-state imaging device manufacturing method according to Embodiment 4. 
[0151] In the solid-state imaging device manufacturing method in the present 

embodiment, as shown in FIG. 4(a), a pad insulting film 2 made of a silicon oxide film 

5 having a thickness of about 1 to 50 nm is formed first on a semiconductor substrate 1 . An 
oxidizing film 12 having a thickness of 10 to 30 nm is formed on the pad insulating fihn 2, 
and an anti-oxidizing film 3 made of a silicon nitride film or the like having a thickness of 
50 to 400 nm is formed on the oxidizing fihn 12. Then, a resist (not shown) including an 
opening portion in a predetermined region is formed on the anti-oxidizing fihn 3. 

10 [0152] Thereafter, etching is performed using the resist as a mask to form an 

opening 4 passing through the pad insulating film 2, the oxidizing film 12, and the 
anti-oxidizing film 3 and exposing a predetermined region of the upper face of the 
semiconductor substrate 1. Then, the resist is removed. Herein, the width of the 
opening 4 is set to about 0.2 pm. It is noted that the widtii of tiie opening 4 is set 

1 5 narrower than a target widtii of an element isolation region, taking account tiiat tiie element 
isolation region expands at formation of a LOCOS oxide film 21 tiiereafter. In tiiis way, 
the widtii adjustment of the opening 4 reduces tiie surface area occupying tiie element 
isolation region. Hence, this method is usefiil when it is applied to a miniaturized MOS 
imaging device. 

20 [0153] Subsequentiy, in tiie step shown in FIG. 4(b), the semiconductor substrate 

1 is subjected to selective etching using tiie anti-oxidizing film 3 as a mask. At tiiis time, 
the semiconductor substrate 1 is removed to a depth of about 10 to 100 nm to make the 
opening 4 deep. Then, boron, which is a p-type impurity, is implanted over tiie substrate 
at an implantation energy of 2.5 KeV to 50 KeV witii a dose amount of 1 X 10 /cm to 1 

25 X lO'Vcm^. This condition is adjusted so that electrons tiiat induce tiie dark current 
through the interface state are bound. 

[0154] Next, in the step shown in FIG. 4(c), a part of tiie semiconductor substrate 
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1 which is exposed at the surface of the opening 4 is subjected to selective thermal 
oxidation using the anti-oxidizing film 3 as a reinforced mask to form the LOCOS oxide 
film 21. The LOCOS oxide film 21 is formed so as to bury a part of the side face of the 
opening 4 where the semiconductor substrate 1 is exposed. Adjustment of height and 

5 shape of a protruding portion of the LOCOS oxide film 21 allows the conducting film to be 
removed with excellent controllability at formation of a gate insulating film by patteming 
the conducting film in a step thereafter. Hence, miniaturization becomes possible. 
[0155] Thereafter, in the step shown in FIG. 4(d), wet etching is performed to 

remove the anti-oxidizing film 3, the oxidizing film 12, and the upper part of the pad 

10 insulting fihn 2. Alternatively, they may be removed in such a manner that after 
removing the anti-oxidizing film 3, the oxidizing film 12, and the pad insulating film 2 to 
some extent by CMP, the remaining part is removed by wet etching. 

[0156] The width of a bird's beak may be adjusted, if it is long, by removing the 

bird's beak by wet etching so as to sufficiently ensure the area of the active region. 

15 [0157] Subsequently, ion is implanted into a desired region of the semiconductor 

substrate 1 to form a photoelectric conversion section 9 and an active region 10. Then, a 
gate insulating film 16, a CVD oxide film 17, an interlayer insulating film 18, a signal 
wiring 19, and a wiring pattern 20 including a gate electrode are formed by a known 
technique, thereby completing the semiconductor device of the present embodiment. 

20 Through the aforementioned steps, the process of the present embodiment is completed. 

[0158] In the present embodiment, the same effects as in Embodiment 3 can be 

obtained. In addition, provision of the oxidizing film 12 between the pad insulating film 
2 and the anti-oxidizing film 3 allows the boundary edge of the svirface portion of the 
semiconductor substrate 1 against the element isolation region to be rounded. Thus, a 

25 hump characteristic (characteristic in leak current at the end portion of the element region) 
can be improved. 

[0159] About 10000 white flaws were observed with a conventional STI as the 



element isolation region. While in the imaging device of the present embodiment, the 
white flaws were reduced to about 100 in number. Wherein, this comparison was carried 
out using the values measured under the condition that the imaging devices having one 
million pixels were operated at an output of 10 mV or higher. 

5 [0160] (Embodiments) 

The present embodiment will be described on the assvimption that an element 
isolation is used in a manufacturing process of a CMOS having a gate length of 0.3 urn or 
smaller. FIG. 5(a) to FIG. 5(e) are sections showing steps for forming an element 
isolation region in a solid-state imaging device manufacturing method according to 

1 0 Embodiment 5 . 

[0161] In the solid-state imaging device manufacturing method in the present 

embodiment, in the step showing in FIG. 5(a), a pad insulting film 2 made of a silicon 
oxide film having a thickness of about 1 to 50 nm is formed first on a semiconductor 
substrate 1. On the pad insulating film 2, an anti-oxidizing film 3 made of a silicon 
1 5 nitride film or the like having a thickness of about 50 to 400 nm is formed. Then, a resist 
(not shown) including an opening portion in a predetermined region is formed on the 
anti-oxidizing film 3. 

[0162] Thereafter, etching is performed using the resist as a mask to form an 

opening 4 passing through the pad insulating film 2 and the anti-oxidizing film 3 and 

20 exposing a predetermined region of the upper face of the semiconductor substrate 1. 
Then, the resist is removed. Herein, the width of the opening 4 is set to about 0.2 jim. 
[0163] Next, in the step shown in FIG. 5(b), the semiconductor substrate 1 is 

subjected to selective etching using the anti-oxidizing fihn 3 as a mask to form a trench 31 
in the semiconductor substrate 1. At this time, the semiconductor substrate 1 is removed 

25 to a depth of about 50 to 500 nm. Then, boron, which is a p-type impurity, is implanted 
over the substrate at an implantation energy of 2.5 KeV to 50 KeV with a dose amount of 1 
X lO^Vcm^ to 1 X lO'^/cm^. This condition is adjusted so that electrons that induce the 
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dark current through the interface state are bounded, thereby increasing the breakdown 
voltage of the isolation. 

[0164] Subsequently, in the step shown in FIG. 5(c), a part of the semiconductor 

substrate 1 which is located on the side wall of the trench 31 is subjected to thermal 
5 oxidation to form an inner wall insulating film 32. This formation of the inner wall 
insulating film 32 remedies damage caused at the formation of the trench 31, reducing the 
leak current induced due to the interface state. Then, etching is performed to remove the 
pad insulating film 2 and the anti-oxidizing film 3. 

[0165] It is noted that the inner wall insulating film 32 may be formed by CVD or 

1 0 the like rather than the thermal oxidation. Further, the inner wall insulating film 32 may 
be composed of plural layers of insulating fihns. In this case, damage caused on the side 
face of the trench 31 at the formation of the trench 31 can be covered. 
[0166] Thereafter, in the step shown in FIG. 5(d), thermal treatment is performed 

in a nitrogen atmosphere at a temperature in the range between 1000°C and 1200°C. 

1 5 When the thermal treatment is performed under this condition, thermal diffusion of silicon 
atoms is cause, so that the upper part of the trench 31 is covered with a silicon 34 with a 
cavity 33 formed inside the trench 31. 

[0167] Next, in the step shown in FIG. 5(e), when a p-type ion is implanted into 

the upper part of the semiconductor substrate 1 where the element isolation region is 

20 located, an implanted layer 30 is formed. At this time, it is necessary to adjust the density 
so as to increase the breakdown voltage of the element isolation. In order to do so, B 
atoms are implanted at an implantation energy of 3 keV to 30 keV with a dose amount of 1 
X lO'Vcm^ to 1 X lO^Vcm^ in the present embodiment. Herein, necessary breakdown 
voltage of the element isolation depends on which elements the element isolation is to 

25 isolate. Namely, the implantation condition is adjusted for each of the element isolation 
between the photodiodes, the element isolations between the respective photodiodes and 
the respective active regions, and the element isolation between the active regions. 
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[0168] Thereafter, ion implantation is performed in a desired region of the 

semiconductor substrate 1 to form a photoelectric conversion section 9 and an active 
region 10. Then, a gate insulating film 16, a CVD oxide film 17, an interlayer insulating 
film 18, a signal vviring 19, and a wiring pattern 20 including a gate electrode are formed 
by a known technique, thereby completing the semiconductor device of the present 
embodiment. Through the aforementioned steps, the process of the present embodiment 
is completed. 

[0169] In the present embodiment, the formation of tiie cavity 33 within the 

semiconductor substrate 1 enables formation of tiie element isolation region with no exotic 
material buried tiierein, reducing stress caused due to the thermal treatment. Further, this 
stress reduction suppresses generation of defects and white flaw and lowers the dark 
current. In addition, sufficient breakdown voltage of tiie element isolation is ensured by 
tiie intervention of tiie inner wall insulating film 32, the cavity 33, and tiie implanted layer 
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[0170] About 10000 white flaws were observed witii a conventional STI as tiie 

element isolation region. While in the imaging device of the present embodiment, tiie 
white flaws were reduced to about 100. Wherein, this comparison was carried out using 
tiie values measured under tiie condition tiiat tiie imaging devices having one million pixels 
were operated at an output of 10 mV or higher. 
[0171] (Embodiment 6) 

FIG. 6(a) to FIG. 6(e) are sections showing steps for forming an element isolation 
region in a solid-state imaging device manufactiiring metiiod according to Embodiment 6. 
[0172] In tiie solid-state imaging device manufacturing metiiod in the present 

embodiment, in tiie step shown in FIG. 6(a), a pad insulting film 2 made of a silicon oxide 
film having a thickness of about 1 to 50 nm is formed first on a semiconductor substrate 1. 
On tiie pad insulating film 2, an anti-oxidizing film 3 made of a silicon nitride film or tiie 
like having a tiiickness of 50 to 400 nm is formed. Then, a resist (not shown) including 
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an opening portion in a predetennined region is formed on the anti-oxidizing film 3. 
[0173] Thereafter, etching is performed using the resist as a mask to form an 

opening 4 passing through the pad insulating film 2 and the anti-oxidizing film 3 and 
exposing a predetermined region of the upper face of the semiconductor substrate 1. 
5 Then, the resist is removed. Herein, the width of the opening 4 is set to about 0.2 jun. 

[0174] Subsequently, in the step shown in FIG. 6(b), the semiconductor substrate 

1 is subjected to selective etching using the anti-oxidizing film 3 as a mask to form a 
trench 31 in the semiconductor substrate 1. At this time, the semiconductor substrate 1 is 
removed to a depth of about 50 to 500 nm. Then, boron, which is a p-type impurity, is 
10 implanted over the substrate at an implantation energy of 2.5 KeV to 50 KeV with a dose 
amount of 1 X lO'Vcm^ to 1 X lO'Vcm^. This condition is adjusted so that electrons that 
induce the dark current through the interface state are bound. 

[0175] Next, in the step shown in FIG. 6(c), the side wall of the trench 31 is 

subjected to thermal oxidation to form an inner wall insulating film 32, and etching is 

1 5 performed to remove the pad insulating film 2 and the anti-oxidizing film 3. 

[0176] Thereafter, in the step shown in FIG. 6(d), thermal treatment is performed 

in a nitrogen atmosphere at a temperature in the range between 1000°C and 1200°C. This 
causes thermal diffusion of silicon atoms in the surface portion of the semiconductor 
substrate 1, forming a cavity 33 within the element isolation region. 

20 [0177] Subsequently, in the step shown in FIG. 6(e), the upper part of the 

semiconductor substrate 1 which is located in the element isolation region is subjected to 
thermal oxidation to form an oxide layer 35. This increases the breakdown voltage of the 
element isolation. 

[0178] Next, ion is implanted into a desired region of the semiconductor substrate 

25 1 to form a photoelectric conversion section 9 and an active region 10. Then, a gate 
insulating film 16, a CVD oxide film 17, an interlayer insulating film 18, a signal wiring 
19, and a wiring pattern 20 including a gate electrode are formed by a known technique. 
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thereby completing the semiconductor device of the present embodiment. Through the 
aforementioned steps, the process of the present embodiment is completed. 
[0 1 79] Effects obtained in the present embodiment will be described below. 

[0180] In the present embodiment, the formation of the cavity 33 within the 

5 semiconductor substrate 1 enables formation of the element isolation region with no exotic 
material buried therein, reducing stress caused due to the thermal treatment. Further, this 
stress reduction suppresses generation of defects and white flaw and lowers the dark 
current. In addition, sufficient breakdown voltage of the element isolation is ensured by 
the intervention of the inner wall insulating film 32, the cavity 33, and the oxide layer 35. 
10 [0181] About 10000 white flaws were observed with a conventional STI as the 

element isolation region. While in the imaging device of the present embodiment, the 
white flaws were reduced to about 100. Wherein, this comparison was carried out using 
the values measured under the condition that the imaging devices having one million pixels 
were operated at an output of 10 mV or higher. 
15 [01 82] (Embodiment 7) 

FIG. 7(a) to FIG. 7(e) are sections showing steps for forming an element isolation 
region in a solid-state imaging device manufacturing method according to Embodiment 7. 
[0183] In the solid-state imaging device manufacturing method in the present 

embodiment, in the step shown in FIG. 7(a), a pad insulting film 2 made of a silicon oxide 
20 film having a thickness of about 1 to 50 nm is formed first on a semiconductor substrate 1. 
On the pad insulating film 2, an anti-oxidizing film 3 made of a silicon nitride film or the 
like having a thickness of 50 to 400 nm is formed. Then, a resist (not shown) including 
an opening portion in a predetermined region is formed on the anti-oxidizing film 3. 
[0184] Thereafter, etching is performed using the resist as a mask to form an 

25 opening 4 passing through the pad insulating film 2 and the anti-oxidizing film 3 and 
exposing a predetermined region of the upper face of the semiconductor substrate 1. 
Then, the resist is removed. Herein, the width of the opening 4 is set to about 0.2 jmi. 
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[01 85] Subsequently, in the step shown in FIG. 7(b), the semiconductor substrate 

1 is subjected to selective etching using the anti-oxidizing film 3 as a mask to form a 
trench 31 in the semiconductor substrate 1. At this time, the semiconductor substrate 1 is 
removed to a depth of about 50 to 500 nm. Then, boron, which is a p-type impurity, is 
5 unplanted over the substrate at an implantation energy of 2.5 KeV to 50 KeV with a dose 
amount of 1 X lO' Vcm^ to 1 X lO' Vcml This condition is adjusted so that electrons that 
induce the dark current through the interface state are bound. 

[01 86] Next, in the step shown in FIG. 7(c), a part of the semiconductor substrate 

1 which is located at the side wall of the trench 31 is subjected to thermal oxidation to form 

1 0 an inner wall insulating film 32. It is noted that the inner wall insulating film 32 may be 
formed by CVD or the like rather than the thermal oxidation. Alternatively, the inner 
wall insulating film 32 may be formed of plural layers of insulating films. Then, a TEOS 
(Tetra Ethyl Oxosilane) film 36 for burying the opening 4 and the trench 31 and covering 
the anti-oxidizing film 3 is formed on the semiconductor substrate 1. 

1 5 [01 87] Thereafter, in the step shown in FIG. 7(d), polishing by CMP is performed 

to remove the TEOS film 36 to a level at the middle of the opening 4. 
[0188] Subsequently, in the step shown in FIG. 7(e), the anti-oxidizing film 3 and 

the upper portion of the pad msulting film 2 are removed by etching, so that the height of 
the TEOS film 36 becomes higher than the upper face of the element formation region of 

20 the semiconductor substrate 1. Then, ion is implanted into a desired region of the 
semiconductor substrate 1 to form a photoelectric conversion section 9 and an active 
region 10. Then, a gate insulating film 16, a CVD oxide film 17, an interlayer insulating 
film 18, a signal wiring 19, and a wiring pattern 20 including a gate electrode are formed 
by a known technique, thereby completing the semiconductor device of the present 

25 embodiment. Through the aforementioned steps, the process of the present embodunent 
is completed. 

[0 1 89] Effects obtained in the present embodiment will be described below. 
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[0190] In the present embodiment, the formation of the cavity 37 within the 

element isolation enables reduction in stress that the TEOS film 36 of the element isolation 
gives to the semiconductor substrate 1. Further, this stress reduction suppresses 
generation of defects and white flaw and lowers the dark current. In addition, sufficient 
5 breakdown voltage of the element isolation is ensured by the intervention of the inner wall 
insulating film 32, the TEOS film 36, and the cavity 37. Wherem, if the depth of the 
trench 31 is two times larger than the width thereof, the cavity 37 can be formed easily. 
[0191] About 10000 white flaws were observed with a conventional STI as the 

element isolation region. While in the imaging device of the present embodiment, the 
10 white flaws were reduced to about 2000 in number. Wherein, this comparison was 
carried out using the values measured under the condition that the imaging devices having 
one million pixels were operated at an output of 1 0 mV or higher. Further, the formation 
of the cavity 37 restricts the current to flow from the source region of an element to the 
drain region of an adjacent element through the element isolation, ensuring that a parasitic 
1 5 MOS transistor characteristic becomes 1 0 V or higher. 
[0192] (Embodiments) 

A solid-state imaging device and a method for manufacturing it according to 
Embodiment 8 of the present invention will be described below with reference to the 
drawings. 

20 [0193] FIG. 8(a) to FIG. 8(e) are sections showdng steps for manufacturing the 

solid-state imaging device according to Embodiment 8. 

[0194] First, as shown in FIG. 8(a), a laminated body of a pad insulting film 2 

servmg as a first insulating layer and an anti-oxidizing film 3 serving as a second 
insulating layer is formed on a semiconductor substrate 1 made of silicon, for example. 
25 Then, the laminated body of the pad insulating film 2 and the anti-oxidizing film 3 is 
patterned. Specifically, an opening is formed by removing a predetermined region of the 
laminated body, namely, a part of the laminated body which is located on an element 
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isolation region. Herein, the pad insulating film 2 is a silicon oxide film having a 
thickness of about 1 to 50 nm, for example, and the anti-oxidizing film 3 is a silicon nitride 
film having a thickness of about 50 to 400 nm, for example. In the present embodiment, a 
silicon film or a silicon oxynitride film may be used for the anti-oxidizing film 3, rather 

5 than the silicon nitride film. 

[0195] Next, as shown in FIG. 8(b), the substrate 1 is subjected to dry etching 

using the patterned pad insulating film 2 and the pattemed anti-oxidizing film 3 as a mask 
to form an element isolation trench (hereinafter referred to as a trench) 41. At this time, 
the wall of the trench 41 is tapered to reduce local stress in the element isolation region. 

1 0 Further, as will be described later, the angle (tapering angle 9) between the wall face of the 
trench 41 and the surface of the substrate 1 is preferably in the range between 110"* and 
130°, both inclusive. 

[0196] Specifically, in the dry etching to the substrate 1, the flow rate of an 

oxygen gas is set to be 5 % or lower of the flow rate of a chlorine gas (or chlorine 
1 5 containing gas). This allows a reaction product generated due to etching to adhere to the 
wall face of the trench 41 at the formation of the trench 41, tapering the wall of the trench 

41. Wherein, the reaction product adhered to the wall face of the trench 41 is removed by 
etching after the dry etching. 

[0197] Thereafter, a p-type impurity is implanted into the vicinity of the trench 41 

20 in the substrate 1. At this time, the implantation energy and the dose amoimt are adjusted 

so that electrons from the dark current induced due to the interface state can be bounded. 

Specifically, B (boron) atoms are implanted at an implantation energy of about 5 keV to 50 

keV with a dose amount of about 1 X lO^Vcm^ to 1 X lO^Vcm^ in the present embodiment. 

[0198] Subsequently, as shown in FIG. 8(c), a part of the substrate 1 which is to 

25 be a wall of the trench 41 is subjected to thermal oxidation to form an inner wall oxide film 

42. Then, an insulating film 43 is deposited over the entirety of the substrate 1 so as to 
bury the trench 41. Herein, a silicon oxide film or a silicon oxynitride film may be used 



45 

for the insulting film 43. 

[0199] Next, as shown in FIG. 8(d), the insulating film 43 is polished by CMP 

(chemical mechanical polishing) using the anti-oxidizing film 3 as a polishing stopper 
layer to form an element insulation insulting film 44 in the trench 41. 
5 [0200] Thereafter, as shown in FIG. 8(e), wet etching is performed to remove the 

anti-oxidizing film 3 (and a part of the pad insulating film 2). This enables formation of 
an element isolation structure in which the element isolation insulating film 44 is buried in 
the trench 41 having a narrower width than the element isolation region, realizing stress 
lowering and sufficient breakdown voltage of the element isolation. Then, a photoelectric 
10 conversion section (for example, photodiode) 9 and an active region (for example, the 
source region and the drain region of a transistor) 10, which compose a pixel of the 
imaging region, are formed in each portion interposed by the trenches 41, that is, the 
element isolation regions of the substrate 1. 

[0201] As described above, in the present embodiment, the trench 41 to be the 

15 element isolation region is formed between the photoelectric conversion sections 9 and 
between the respective photoelectric conversion sections 9 and the respective active 
regions 10, so that sufficient breakdown voltage of the element isolation can be obtained 
while the imaging region is miniaturized. Further, with the tapered wall of the trench 41, 
stress generated at the boundary between the substrate to be the photoelectric conversion 
20 section 9 or the active region 10 and the trench 41 (namely, the element isolation region) 
can be reduced. Hence, the leak current in the photoelectric conversion section 9 (for 
example, photodiode or the like) or the active region 10 (for example, the source region 
and the drain region of a transistor) can be reduced, the dark current can be lowered, and 
the number of white flaws can be reduced. 
25 [0202] FIG. 9 is a graph showing results obtained by simulating dependency, on a 

trench angle (= 180^ minus tapered angle 0), of stress (residual stress) caused at the 
boundary between the substrate 1 and the element isolation structure in the present 
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embodiment where the element isolation insulating film 44 is buried in the trench 41. 
Wherein, in the present embodiment, a direction in parallel with the principle plane of the 
substrate 1 is defined as an x direction while a direction perpendicular to the principle 
plane of the substrate 1 is defined as a y direction, as shown in FIG. 8(e). Herein, stress 

5 that the photoelectric conversion section 9 receives is classified into compressive stress and 
shearing stress which are received fi-om the element isolation insulating films 44 on both 
sides of the photoelectric conversion section 9. The compressive stress is force applied in 
the X direction to the photoelectric conversion section 9 when the element isolation 
insulting film 44 expands in volume in the x direction and is indicated as Sxx in FIG. 9. 

10 On the other hand, the sharing stress is force applied in the y direction to the photoelectric 
conversion section 9 when the element isolation insulating film 44 expands in volume in 
the x direction, which is force pushing upward the photoelectric conversion section 9, and 
is indicated as Sxy in FIG. 9. Part where Sxx and Sxy exhibits remarkably high values 
are at a photoelectric conversion surface 45 and a photoelectric conversion bottom 46 

15 shown in FIG. 8(e). Specifically, FIG. 9 shows resuhs where Sxx(top) and Sxy(top), 
which are the peak values of Sxx and Sxy in the photoelectric conversion surface 45, 
respectively, and Sxx(bottom) and Sxy(bottom), which are the peak values of Sxx and Sxy 
in the photoelectric conversion bottom 46, respectively, are plotted at various trench 
angles. 

20 [0203] As shown in FIG. 9, in the range of the tapered angle 0 between 110° and 

130**, stress generated at the boundary portion between the surface in the element isolation 
structure and the surface of the substrate 1 is reduced. Namely, in this range, the searing 
stress at the boundary portion between the surface of the substrate 1 to be the photoelectric 
conversions section 9 or the active region 10 and the surface in the element isolation 

25 structure can be minimized, resulting in reduction in leak current induced due to stress 
generated due to the shearing stress in the photoelectric conversion section 9 or the active 
region 10 and realizing lowering of the dark current and reduction of white flaws. 
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Specifically, when the element isolation structures in the present embodiment in which the 
wall of the trench 41 is tapered and in the conventional STI structure in which the wall 
portion is not tapered were used in a solid-sate imaging device with one million pixels at 
output power of 10 mV or higher, about 10000 white flaws were observed in the 
5 conventional STI structure while the number of white flaws was reduced to about 5000 or 
less in the element isolation structure in the present embodiment. Further, when the 
tapered angle 9 is set within the range between 110° and 130° in the element isolation 
structure in the present embodiment, the number of white flaws can be suppressed to about 
1000. 

1 0 [0204] It is noted that in the present embodiment, if the photoelectric conversion 

section 9 has the n-type conductivity, it is preferable to provide, after the formation of the 
trench 41, a p-type semiconductor layer at at least a part in contact with the trench 41 in the 
region of the substrate 1 to be the photoelectric conversion section 9. To the contrary, if 
the photoelectric conversion section 9 has the p-type conductivity, it is preferable to 

1 5 provide, after the formation of the trench 41, a n-type semiconductor layer at at least a part 
in contact with the trench 41 in the region of the substrate 1 to be the photoelectric 
conversion section 9. With this construction, the dark current induced due to the interface 
state generated at the part of the substrate 1 in contact with the element isolation region can 
be reduced. 

20 [0205] (Other Embodiments) 

In the above embodiments, the element isolation of the present invention is applied 
to the element isolation in each pixel 106 shown in FIG. 10. However, the element 
isolation of the present invention is applicable to an element isolation in a peripheral circuit 
such as the vertical shift register 108, the horizontal shift register 109, the timing generator 

25 1 10, and the like. In this case, steps for forming the element isolations can be shortened. 
[0206] Further, if the solid state imaging device includes on the substrate thereof 

the peripheral circuit region including the drive circuit for operating the imaging region in 



48 

the above embodiments, the peripheral circuit region and the imaging region may have 
different element isolation structures. With this arrangement, the element isolation region 
provided in the peripheral circuit region can be smaller than the element isolation region 
provided in the imaging region, reducing the area of the peripheral circuit region. 
[0207] It is noted that the MOSFETs in the imaging region shown in FIG. 10 are 

all of n-type. Therefore, design of the peripheral circuit by only NMOSFETs eliminates 
the need for an implantation step, shortening the steps. 

[0208] The use of a CMOS transistor in the peripheral circuit increases the speed 

of charge reading. 

[0209] Incorporation of the solid-state imaging device of the present invention 

into a camera enables imaging at high resolutions. 

[0210] It is also noted that the imaging device is formed on a silicon substrate in 

the above embodiments, but the present invention is applicable to the case where the 
imaging device is formed on a semiconductor substrate made of GaAs or the like. 
Industrial Applicability 

[0211] As described above, the solid-state imaging device and the method for 

manufacturing it can provide an element isolation having sufficient element isolation 
power and an excellent hump characteristics with low stress generated, and can attain low 
dark current and less white flaws. Thus, they have much industrial applicability. 



